ABSTRACT
INTRODUCTION
Manipulation of small-bodied invertebrates is delicate per se. When detailed observations are necessary, the observer normally uses needles and thin paintbrushes under a stereomicroscope to place the specimen in a suitable position. Movements of living animals render these observations very difficult or even impossible. However, for experimental purposes, one may want to manipulate immobile but living animals, e.g. for identification, photography, marking, surgery, observation of appendages or inner tissues prior to further experimental use. In such cases, anaesthesia is necessary. Fish are the aquatic animals for which the largest body of knowledge on anaesthesia is available (Ross & Ross 1999; Ortuño et al. 2002) . Some chemicals are also known to be active on macrocrustaceans (Brown et al. 1996; Hajek et al. 2009 ), but less is known about anaesthesia of microcrustaceans. The use of anaesthetics is common for large crustaceans in aquaculture, e.g. for transport or manipulation, but anecdotic for small-bodied species like amphipods (Ahmad 1969; Gamble 1969; Venarsky & Wilhelm 2006) . MS-222 (also known as tricaine methanesulfonate or ethyl 3-aminobenzoate methanesulfonic acid) is a drug commonly used in veterinary practice for anaesthesia or euthanasia of a wide variety of animals (Ross & Ross 1999 , AVMA 2007 . However, the sensitivity to MS-222 is species-specific and highly variable, thus requiring careful optimization of working doses. Concentrations higher than 250 mg L -1 are lethal for fish and are used for euthanasia (AVMA 2007) . In amphibians on the other hand, 500 mg L -1 baths only result in anaesthesia (Cecala et al. 2007 ). Moreover, a dose of 1000 mg L -1 has been shown to have a relaxant effect on a marine gastropod species (Acosta-Salmón & Davis 2007). To our knowledge, the use of anaesthetics has never been reported in ostracods. Here, we determine effective concentrations of MS-222 for the anaesthesia of Eucypris virens in bath treatment, and the effects related to the duration of the latter, with the aim of allowing safe manipulation of immobilised animals.
METHODS
Eucypris virens is a freshwater ostracod (small benthic crustacean) common in Palearctic temporary ponds (Meisch 2000) . Experimental individuals were sampled on November 29 th 2008 from a population present in a temporary pond (30×15 m wide, Z max = 60 cm, Tº = 17.5 ºC, pH = 7.8, EC= 1.34 mS cm -1 , Alk = 4.9 mmol L -1 , [Cl -] = 270 mg L -1 ) in an interdunal wetland south of Valencia, Spain (39º19'28"N 0º18'18"W). The ostracods were transported to the lab, where they were acclimatized in the original water from the pond at room temperature (ca 20 ºC) for two days before the experiment. Following Schmit et al. (2007) , dry Spirulina was added as a food supply to the living algae and vegetal detritus from the original pond. Anaesthesia was prepared by dissolving 98% pure MS-222 salt (SigmaAldrich) in field water. Preliminary tryouts showed that low concentrations (ranging from 5 to 100 mg L -1 ), similar to those used for fish anaesthesia, were inefficient, even after hours of immersion. Higher MS-222 concentrations (500, 1000 and 2000 mg L -1 ) were therefore used. In each bath, the ostracods were kept for four different durations: 2, 10, 15 and 30 min. A total of 48 individuals -adult females -were used, with a balanced design (4 individuals per treatment). After immersion in the anaesthetic bath, the ostracods were immediately put back in their original untreated field water. For each individual, we recorded the time until the first movements were observed -i.e. the recovery time. The results were statistically treated with a two-way analysis of variance (ANOVA) using the MS-222 concentration and the duration of the anaesthetic bath as independent factors and the recovery time as dependent variable.
RESULTS AND DISCUSSION
The induction time -i.e. elapsed from immersion of the ostracods in the bath until they stopped movingdepended on the concentration of the anaesthetic: in the 500, 1000 and 2000 mg L -1 baths it was ca 2.5 min, 40 s and 20 s respectively. The main determinant of ostracod recovery time was the anaesthetic bath MS-222 concentration: as expected, ostracods took longer to recover when treated with higher concentrations ( Fig. 1 ; ANOVA: F = 134.8, p <0.001). Bath duration also influenced recovery speed: the longer the bath the slower the recovery (ANOVA: F = 4.8, p = 0.007). However, this was not the case at low MS-222 concentration (500 mg L -1 ; ANOVA interaction effect: F = 2.8, p = 0.023). Furthermore, at concentrations of 1000 and 2000 mg L -1 , the bath duration did not have much effect when above 15 min (Fig. 1) .
Under the stereomicroscope, we observed that individuals immersed in a bath with a concentration of 500 mg L -1 of MS-222 showed spasmodic movements of some appendages. At 1000 mg L -1 , such movements almost disappeared and were restricted to the vibratory plates (branchial organs on the maxillula). At 2000 mg L -1 no soft parts movements could be observed even inside the body in transmitted light. In all cases, the ostracods laid on the bottom of the Petri dish with the valves opened, allowing easy observation of the soft parts. All individuals behaved normally after recovery (normal swimming, eating and defecating activities) and none of them died in the following days.
For ostracod anaesthesia with MS-222, we recommend to use a minimum concentration of 500 mg L -1 . At this concentration, ostracods can be kept for a long time in the anaesthetic bath (with no effect on recovery time) allowing for a long lasting manipulation. If absence of anaesthetic in the medium is preferred, the operation or experiment can be conducted during the recovery phase. This phase can be prolonged up to 10 or 15 min using higher MS-222 concentrations and longer immersion in the anaesthetic bath prior to manipulation.
The concentrations used here are much higher (ca 10 times) than those necessary for fish (Ross & Ross 1999; Ortuño et al. 2002) but lower than those used with macrocrustaceans. A concentration of 1000 mg L -1 neither affects the crayfish (Brown et al. 1996) nor the Chinese mitten crab (Hajek et al. 2009 ). The dose to be applied on ostracods is similar to the 500 mg L -1 used with amphipods by Gamble (1969) and Ahmad (1969) . Although we only tested one ostracod species, E. virens, these similarities in active concentrations suggest that our results may be generalised to other ostracod species.
Other chemicals are also known to be effective anaesthetics of microcrustaceans (Robinson et al. 1965; Gannon & Gannon 1975; McKenzie et al. 1992) . Especially clove oil (Venarsky & Wilhelm 2006) seems to give good results. However, here we present the first data on ostracod anaesthesia using MS-222 with positive results.
